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Introduction 


The link between increasing concentrations of green- 
house gases in the atmosphere and the change in the 
planet’s climate moved from a concern in the scientific 
community to an international public policy issue only 
during the last decade. Climate change will remain one 
of the most challenging issues facing the world well into 


the seeond millennium. 
TMHiRD 


Climate change is expected to have significant favor- 
able and unfavorable economic, social, and environmen- 
tal impacts. Scientists predict that climate change will 
occur at a rate that is rapid relative to the speed at which 
forest species grow, reproduce, and reestablish them- 
selves and will have pronounced effects on Canada’s 
forests. 


The 1997 Kyoto Protocol to the 1992 
United Nations Framework Conven- 
tion on Climate Change increased the 
prominence of the role of forests in 
climate change and the urgency for 
related scientific knowledge. The 
Canadian Forest Service (CFS), 
Natural Resources Canada, has 
been active since the mid-1970s in 
research specifically focused on cli- 
mate change and forests; this research 
is grounded in many decades of previ- 
ous forest research. Before the Kyoto Pro- 
tocol, CFS’s research was focused on projecting 
climate change impacts on circumpolar boreal and tem- 
perate forests. CFS conducted the research itself or in 
collaboration with international and cross-disciplinary 
teams. Early recognition of climate change impact and 
subsequent research efforts have earned CFS scientists 
international reputations as authorities in this area. 


This paper is the second in a series of context papers 
intended as guides to the current and future directions of 
the CFS’s science program. The present paper defines 
climate change in the context of forests and describes 
why the CFS, in cooperation with its wide range of part- 
ners, addresses climate change issues through research, 
monitoring, and assessment activities in its science and 


technology research networks. 


What Is Climate Change? 


According to the United Nations Framework Con- 
vention on Climate Change (UNFCCC) climate change 
“means a change of climate which is attributed directly 
or indirectly to human activity that alters the compo- 
sition of the global atmosphere and which is in addition 
to natural climate variability observed over comparable 
time periods” (UN 1992). The Intergovernmental Panel 
on Climate Change (IPCC), which advises the world’s 
governments on climate change, defines climate change 
more broadly as “any change in climate due to natural 
variability or as a result of human activity” (IPCC 1995a, 
footnote 1). Climate change is one of the three main inter- 
related components of global environmental change.! 7 
The others are atmospheric environmental change? and 
land cover change. 


The IPCC concluded in 1995 that 
“.,.the balance of the evidence sug- 
gests a discernable human influence 
on global climate” (IPCC 1995a, 
section 4). Human activities, par- 
ticularly the burning of fossil fuels 
and, to a lesser extent, changes in 
land use patterns, are increasing the 
atmospheric concentrations of green- 
house gases, mainly carbon dioxide, 
nitrous oxide, and methane (CCEM/ 
CCME 1995, p. 3), which tend to warm the 
atmosphere, and, in some regions, aerosols, which 
tend to cool the atmosphere. Scientists predict that these 
increases in greenhouse gases and aerosols will lead to 
regional and global changes in climate and climate-related 
parameters such as temperature, precipitation, soil mois- 
ture, and sea level (IPCC 1995b, section 2). 


Although average global warming is expected to 
amount to 1°C to 3.5°C by the end of the next century, that 
warming will not be uniform around the globe nor within 
Canada. Regional average temperatures may become 
either warmer or cooler. High latitudes are expected to 
warm much more than the global average. Canada’s mean 
annual temperatures may increase between 5°C and 10°C 
over the next century, more than three times the global 
average. Because of Canada’s size, diverse landscape, 


“Climate, of course, is a description of 
average weather, its variability and its extremes. 
Thus change in climate implies change in 
weather...and its extremes! In fact, obser- 
vations suggest that small changes in weather 
can cause large changes in extremes.” 


McBean and Hengeveld (1998) 


“weather...the state of the atmosphere with 
respect to heat or cold, wetness or dryness, 
calm or storm, clearness or cloudiness...” 


Merriam Webster's Collegiate Dictionary, 
10th ed., s.v. “weather.” 


and ocean boundaries, climate change is expected to affect 
every region differently (Environment Canada 1997a). 


Climate Change, the Evidence 
to Date 


Global Warming Trend 

A warming trend of the earth’s surface of about 0.5°C 
over the last 150 years has been detected. In particular, 
the 1980s and 1990s were among the warmest decades 
on record. The decline in the difference between daily 
minimums and maximums is further evidence of cli- 
mate change. Regional changes are being observed. The 
recent warming has been greatest over the mid-latitude 
continents in winter and spring; a few areas of cooling 
have also been detected, such as over the North Atlantic. 


The associated warming in Canada has amounted to 
approximately 1°C nationally, with regional variations 
ranging from 1.5°C in the western Northwest Territo- 
ries to less than 1°C over southern Canada; a cooling of 
0.8°C has been noted in the extreme eastern Northwest 
Territories (Environment Canada 1997b). The Atlantic 
region has also experienced a slight cooling trend over 
the last 50 years (Environment Canada 1997c). 


Climate Variability 

Large changes in the global climate system do not 
happen without serious perturbations of its component 
systems. The transformation of the components of the 
global climate system will lead to their prolonged insta- 
bility, which is expected to result in increased variability 


in the climate. The change in concentrations of atmos- 
pheric greenhouse gases is altering the global radiation 
balance, which is changing the global energy balance. 
The change in the atmospheric energy balance is precipi- 
tating increased variability and extremes in weather events 
(Campbell et al. 1998). It is these unusual events rather 
than the slight changes in mean temperatures that will 
present the greatest challenges. 


Whether extreme weather is increasing in severity and 
frequency remains an issue. However, extreme regional 
climatic events seem to be more frequent than in the pre- 
vious decades. One manifestation of this trend is the occur- 
rence of severe hurricanes over the Atlantic since 1994. 
Some areas, including the conterminous United States, 
are experiencing fewer early autumn frosts but more spring 
frosts, and receiving an increasing proportion of their pre- 
cipitation from severe storms. The catastrophic ice storm 
that in 1998 battered eastern Ontario and Quebec inflicted 
enormous economic costs and hardship. 


Decreased variability in the climate may also be occur- 
ring. For instance, the recent warm phase of the El Nifo- 
Southern Oscillation, which has caused droughts and 
floods in many areas, is considered unusually persistent. 
Although based on less reliable regional-scale predic- 
tions, potentially serious changes have been identified, 
such as a greater incidence of floods, severe heat waves, 
and droughts; consequences of such changes may be 
increased fire risk, susceptibility to pest outbreaks, and 
alteration of ecosystem composition, structure, function- 
ing, and productivity. 


Uncertainties and Irreversible 
High-Risk Consequences 


Although many uncertainties remain that limit the 
ability of climatologists to predict and detect future cli- 
mate change, the warming trend and its consequences 
are expected to continue. The IPCC projects an increase 
in global mean surface temperature of 1°C to 3.5°C by 
2100 and an associated increase in sea level of 15—95 cm. 


Policymakers are faced with responding, internation- 
ally and regionally, to the risks posed by climate change 
in the face of significant scientific uncertainties. To better 
estimate these risks and to aid in the formulation of public 
policies, scientists will have to increase their knowledge 


on the magnitude, rate, and regional distribution of cli- 
mate change. Scientists will also need to determine the 
impact of these changes upon Canadians, their environ- 
ment, economy, and culture and to identify and imple- 
ment appropriate response strategies, including those for 
mitigating and adapting to the impacts. 


However, this does not mean that nothing can, or should, 
be done until fuller scientific knowledge becomes avail- 
able. The UNFCCC states that 

...The Parties should take precautionary measures to 
anticipate, prevent or minimize the causes of climate 
change and mitigate its adverse effects. Where there are 
threats of serious or irreversible damage, lack of full scien- 
tific certainty should not be used as a reason for post- 
poning such measures, taking into account that policies 
and measures to deal with climate change should be cost- 
effective so as to ensure global benefits at the lowest pos- 
sible cost. To achieve this, such policies and measures 
should take into account different socio-economic con- 
texts, be comprehensive, cover all relevant sources, sinks 
and reservoirs of greenhouse gases and adaptation, and 
comprise all economic sectors. Efforts to address climate 
change may be carried out cooperatively by interested 
Parties. (UN 1992, Principle 3) 


Canada’s National Action Program on Climate Change 

is guided by the precautionary principle 
...that where there are threats of serious or irreversible 
damage to our health and livelihood, lack of scientific 
certainty should not be used as a reason for postponing 


mitigative actions that are cost-effective or justified for 
other reasons. (CCEM/CCME 1995, p. 9) 


Why Is Climate Change 
Information on Forests 
Needed? 


The CFS addresses the forest aspects of climate change 
by providing provincial and territorial forest agencies, pri- 
vate sector forest managers, other federal departments and 
agencies, Aboriginal forest organizations, non-governmental 
organizations, and the interested public with 


* compilations and syntheses of forest resource inven- 
tories and of socioeconomic and scientific information 
that identify, describe, and assess the impacts of cli- 
mate change on forests, forest ecosystems, and the for- 
est sector; 


* predictions of responses of forests, forests ecosystems, 
and its components to expected climate change, and the 
corresponding socioeconomic impacts of these responses; 


* options and advice for adapting to and mitigating expect- 
ed effects of climate change; and 


* scientific support for Canada’s participation in climate 
change agreements and programs. 


Climate change poses a significant threat to Canada’s 
forests and forest sector. The successful development, 
assessment, and adoption of options to deal with climate 
change and reporting obligations under the UNFCCC’s 
Kyoto Protocol and subsequent agreements require a sig- 
nificant new direction in forest monitoring and research. 
Canada’s forest data systems are not designed to provide 
the types of information needed to meet the Protocol’s 
reporting obligations. 


Effects of Climate Change 
on Canada’s Forests 


Evidence shows that forest ecosystems have been 
responding to climate change and variability over the last 
100 years; one example of this is the migration of tree spe- 
cies over short distances in mountain regions. The longer- 
term implications of climate change in forests could be 
severe, as suggested in the IPCC’s second assessment and 
special report on impacts and adaptation (IPCC 1995b). 
The greatest change is expected in the high latitudes and 
the least in the tropics. Predicting the impact of climate 
change and subsequent adaptations is made more difficult 
by a lack of precision in the current information on bio- 
logical processes and feedbacks in forests (see Maclver 
1998a). 


Climate change could subject Canadian forests to more 
frequent, extreme storms and wind damage, especially 
in coastal areas; to greater stress due to drought; to more 
frequent and severe fire and insect disturbances; and, 
in some areas, to increased vegetative growth rates (Flem- 
ming and Candau 1998). These changes are also expected 
to be less predictable than in the past and to vary region- 
ally. The frequency and severity of fire is expected to 
increase significantly across most of Canada’s boreal for- 
est zone west of Lake Superior, although some studies 
suggest a less severe fire climate in eastern Canada. These 
changes in the disturbance regimes will likely have a 


larger impact on Canadian forests than climate change 
itself (Weber and Flannigan 1997; Stocks et al. 1998). 
Where fire activity does increase, along the northwest 
Ontario—southern Northwest Territories corridor, it may 
hasten changes in vegetation types. 


Climate change is expected to have a large impact on 
biodiversity. Changes in growing conditions will favor 
some species over others. Consequently, shifts will occur 
in the composition of forest communities and the range 
limits of forest species. Given the warmer and drier cli- 
mate projected in some areas, new limits for forest species 
and ecosystems are likely. Some forest species will prob- 
ably no longer be found in the drier southern parts of the 
current boreal forest but will be more abundant in north- 
ern latitudes and higher altitudes. The boreal forest will 
not just shift northward and up hillsides; current forest 
ecosystems in some parts of the country will be 
under stress and the composition and struc- 
ture of those ecosystems will change. 


What the forest will look like af- 
ter of 50 or more years of climate 
change is uncertain. Entirely new 
assemblages of species are expect- 
ed. Lengthened growing seasons 
in the northern latitudes and at 
higher altitudes, altered competi- 
tive balance among species, greater 
vulnerability of some forest species to 
insect infestations and disease, and in- 
creased frequency and intensity of forest fires 
are predicted. As a result, the boreal forest in the 
dry southern parts of its range will likely be replaced by 
grassland and temperate deciduous forest types. Large 
areas of degraded forest will develop in these areas. Con- 
ditions will possibly favor montane forest types in the 
west and temperate and deciduous forest types in eastern 
part of the boreal forest region. The forests of the Pacific 
northwest will likely remain similar to their present struc- 
ture and composition, with richness in species diversity 
compensating for individual species migration (Environ- 
ment Canada 1997b, p. 36-38). 


As well as contributing to global warming, elevated car- 
bon dioxide is expected to enhance vegetative growth. Car- 
bon dioxide concentrations have increased from 280 parts 
per million (ppm) to 370 ppm over past 150 years. Forests 


in some localities may benefit from this effect even where 
soil moisture is a limiting factor. Elevated carbon dioxide 
is less likely to benefit tree growth in much of the boreal 
forest area, which is characterized by thin soils that are 
nutrient deficient and poorly drained. However, the for- 
ests of the maritime region do not have these limita- 
tions and may benefit significantly from elevated carbon 
dixoide. Another factor is whether the combination of 
warming and carbon dioxide fertilization favors com- 
mercial timber species more than weed, insect, and dis- 
ease organisms (Maclver 1998a). 


Forests as Sinks or Sources 
for Atmospheric Carbon 


The Kyoto Protocol has sharpened the focus of the 
possible role of forests in contributing to or miti- 
gating climate change. Forested ecosystems, 
including both above and below soil sur- 
face biomass, are large storehouses of 
carbon. Growing forests extract car- 
bon dioxide from the atmosphere 
and should help in mitigating cli- 
mate change. 


Canada’s forests total about 
420 million ha, or 10% of the earth’s 
forest area; its peatlands, tundra, and 
other forest-related land cover repre- 
sent nearly an equal area. The total store 
of carbon in Canadian forests and related re- 
sources, including soils, peatlands, and forest prod- 

ucts, in the 1990s is over 225 billion tonnes (t)* (Gorman 
1991). Soils contain approximately two-thirds of terres- 
trial carbon and as much as two to three times as much 
carbon as atmospheric carbon dioxide (Trumbore et al. 


1996). 


The boreal forests of Canada and Russia contain about 
40% of the planet’s terrestrial carbon stocks (Kasischke 
et al. 1995). However, recent research in both countries 
indicates that changes in disturbance regimes, including 
fires, insects, and diseases, may have caused these boreal 
forests to become a net source of atmospheric carbon. 
These forests are unique in that, in contrast with north- 
ern European forests, they are largely subject to com- 
pletely natural disturbance regimes (Binkley et al. 1998). 


Therefore, the largest portion of Canada’s forest, while 
an important carbon reservoir, can be a carbon source 
when affected by fires, insect outbreaks, and decay. For 
the most part, however, these forest areas are not addressed 
by the Kyoto Protocol. 


The CFS’s Carbon Budget Model, used to calculate the 
contribution of Canada’s forests to the carbon balance, 
indicates that the annual sink, or uptake, of carbon in 
Canada’s forests and related resources during 1920 to 
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1990 averaged about 118 million t (Kurtz and Apps 1995). 
However, the size of the sink, or rate of carbon uptake, 
declined after the mid-1970s and the results of the latest 
model suggest that during the second half of the 1980s 
Canadian forests gradually became a carbon source, aver- 
aging 45 million t net release of carbon per annum. 


The overall health of the forest is also a factor in climate 
change. A vigorous and growing forest acts as a sink, or 
a fixer of carbon, until its growth slows as it matures. 


The Global Carbon Cycle 
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Carbon is exchanged between the atmosphere, the oceans, the terrestrial biosphere, and on geological time 
scales, with sediments and sedimentary rocks. Fossil fuel burning, cement manufacture, and changes in land 
use transfer carbon (as carbon dioxide) to the atmosphere. 


In the figure, the size of each reservoir (numbers in bold) is in billions of tonnes of carbon. The magnitude of 
the flux (numbers within arrows) is in billions of tonnes of carbon per year. DOC = dissolved organic carbon. 


Adapted from Radiative Forcing of Climate Change (IPCC 1994, p.12 and 13). 
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as 
Source 
Any process or activity (e.g., forest fires 
or conversion of forest land to agricultural 
or urban uses) that releases greenhouse 
gases or precursors of those gases into the 
atmosphere. Even after trees are harvested 
and processed, carbon continues to be stored 
in the resulting forest products. However, as 
trees and forest products decompose or burn, 
they release carbon in the form of CO,. 


Sink 
Any process, activity or mechanism that 
removes greenhouse gases or precursors 
of those gases from the atmosphere. The 
principal natural mechanism is photosyn- 
thesis, a process by which CO, is absorbed 

by plants, with subsequent storage of 

the carbon in plant tissue and emission 
of the oxygen. 


Reservoir 
Component of the climate system in which 
greenhouse gases or precursors of those 
gases are stored (e.g., soils, peat, forests, 
other vegetation, streams, oceans and lakes). 


Adapted from the Kyoto Protocol and the UNFCCC 
(UN 1992, 1997) 


Mature forests store carbon until they deteriorate and give 
up carbon to become sources of atmospheric carbon diox- 
ide as they decay. However, the vigor of forest carbon 
sinks can be maintained. 


Kyoto Protocol to the UNFCCC 


Overview 

The United Nations Framework Convention on Cli- 
mate Change (UNFCCC) was signed in Rio de Janeiro, 
Brazil, in 1992 and established a goal to stabilize green- 
house gas emissions at 1990 levels by the year 2000; it 
came into force on 21 March 1994. In December 1997, 
Canada and about 160 other nations negotiated the legally 


binding Kyoto Protocol, which requires further country- 
specific reductions of greenhouse gas emissions over the 
next 15 years for developed countries. The Kyoto Proto- 
col is expected to enter into force by about the year 2001, 
when the required 55 countries with 55% of the world’s 
greenhouse gas emissions will have ratified the Protocol. 
Canada agreed to a greenhouse gas reduction target of 
6% below 1990 levels by the time period 2008-2012, 
a reduction of about between 20% and 25% below the 
“business as usual” projected emissions levels for 2010. 


National Implementation Strategy 

To address Canada’s Kyoto-related obligations, the fed- 
eral government, in consultation with provincial and ter- 
ritorial governments and others, are developing a National 
Implementation Strategy on Climate Change. The strat- 
egy will set out a program for enabling Canada to meet 
the greenhouse gas emission reduction targets estab- 
lished in the Kyoto Protocol. Canada’s program will build 
on and expand the existing National Action Program on 
Climate Change (NAPCC) framework and objectives 
established by the federal and provincial/territorial gov- 
ernments in 1995. To coordinate Canada’s efforts, both 
a federal government secretariat and a federal-provincial 
secretariat have been established, along with 16 “issues 
tables,” including one on the forest sector and another on 
carbon sinks. 


The Kyoto Forest 

The UNFCCC commitments address anthropogenic 
contributions to atmospheric concentrations of green- 
house gases, focusing largely on reducing emissions to 
the atmosphere from energy production and consump- 
tion, industrial processes, and other activities. However, 
the Convention also contains a commitment to conserve 
and enhance greenhouse gas sinks and reservoirs. 


In attempting to bring land-use change and forestry 
into the Protocol, negotiators had to address the difficult 
issue of defining anthropogenic removals and emissions 
from forests, while creating incentives for countries to 
conserve and enhance their sinks and reservoirs. The 
Protocol specifies that reforestation, afforestation, and 
deforestation activities since 1990 are the only direct 
human-induced land use change and forestry activities to 


be used in the accounting for the emission reduction com- 


mitment The Protocol further specifies that the impact 
of these three activities must be measured as the verifi- 
able change in carbon stock between 2008 and 2012. 
This measurement, if it indicates an increase in stored 
carbon, may help to meet the emission reduction com- 
mitment in 2008-2012 by offsetting some fraction of 
the gross emissions in that period. In addition to the 
2008-2012 commitment, the Protocol also requires that 
countries show by 2005 that they have made demon- 
strable progress. The CFS, in cooperation with the prov- 
inces and territories, is developing a new National Forest 
Information System, including a new national forest 
inventory and a national system of forest ecosystem clas- 
sification, to better enable it to fulfil its Kyoto Protocol 
reporting obligations. 


The “Kyoto forest” activities are a small subset of the 
total terrestrial carbon budget.® The current focus of the 
Kyoto Protocol is not the whole forest, or even some major 
component of it like the “managed” forest. Instead, the 
Protocol focuses only on two activities that take place 
within the forest, reforestation and deforestation, and an 
activity that takes place outside the existing forest area, 
afforestation. The forest carbon stocks and carbon stock 
changes on land outside the areas affected by these activ- 
ities have no bearing on Canada’s efforts to meet its Pro- 


tocol commitment. 


The Protocol allows for discussions on what addi- 
tional direct human-induced activities related to changes 


Objective of the UNFCCC 


“_. Stabilization of greenhouse gas 
concentrations in the atmosphere at a level 
that would prevent dangerous anthropogenic 
interference with the climate system. Such a 
level should be achieved within a time-frame 
sufficient to allow ecosystems to adapt nat- 
urally to climate change, to ensure that food 
production is not threatened and to enable 

economic development to proceed in 

a sustainable manner.” 


UNFCCC, Article 2 (UN 1992) 


a 


in greenhouse gas emissions and removals should be 
added to the current list of reforestation, afforestation, 
and deforestation activities to meet emission reduction 
targets. Significant uncertainty remains about the mean- 
ing and application of the land use cover and forestry 
provisions of the Kyoto Protocol (see for example, Schla- 
madinger and Madlener 1998). Scientific information 
for these discussions is needed on the following: 


¢ carbon cycle life of forest products, including biomass 
fuels; 


¢ feasibility and cost effectiveness of alternative forest 
management options to enhance carbon sinks; and 


* impact on carbon sinks under the Protocol of alterna- 
tive definitions, interpretations, and assumptions (for 
example, including/excluding below-ground biomass, 
soil, litter, etc., alternative definitions of managed forest). 


Adapting to Climate Change 
and Tomorrow’s Forests 


It is widely recognized that even with the reductions 
in greenhouse gases agreed to in Kyoto, there will be 
changes in the climate to which Canadians will have to 
adapt. Adaptive management is a process of hypothesis 
testing, often on a large scale. Strategies are continually 


Key commitments and obligations 
to the UNFCCC 


Stabilization of greenhouse gas emissions 
at 1990 levels by the year 2000. 
e 


Reporting on greenhouse gas emissions, 
and measures and actions to reduce them. 
@ 


Enhancing and sustaining sinks and 
reservoirs of greenhouse gases. 
® 


Improving our understanding of the causes 
and implications of climate change. 


UNFCCC, Article 4 (UN 1992) 


evaluated and adjusted relative to predicted responses, 
objectives, and predetermined thresholds of acceptable 
change. Predictability and uncertainty are major prob- 
lems in adapting to climate change in the forestry sector. 
The sensitivity of forests to climate change must first 
be determined and then the degree of change that would 
have a serious impact identified (Maclver 1998a). Based 
on this knowledge, strategies need to be developed to min- 
imize or to mitigate the effects of climate change on newly 
established forests and to cope with these effects on cur- 
rent forests. 


For the most part, the projected impacts associated with 
forest fire, disease, insects, and regeneration and growth 
will exacerbate ongoing forest management problems. 
Many of the forest management activities required to 
address climate change are already part of current pro- 
grams. Climate change alters the location, timing, and 
intensity of these problems. Therefore, many adaptive 
measures already exist to deal with climate effects such 
as breeding and genetic programs and protection systems 
for fire, insects, and diseases. However, climate change is 
likely to impose some additional stresses that some forest 
managers may not currently take into consideration. The 
increasing pressure to manage forests for carbon seques- 
tration may potentially conflict with other objectives of 
sustainable forest management (MaclIver 1998b). There 
will also be many surprises, as much remains unknown. 


In the short term, the potential exists for increased tim- 
ber harvests in Canada; in the long term, sustainable tim- 
ber yields may decrease because of losses from forest 
decline, modified fire and insect regimes, and, in some 
areas, drought. The overall impact on the Canadian forest 
industry will vary regionally. The forestry sector will need 
to adapt to the species that prevail as a consequence of 
climate change, to salvage-cut dying stands, to plant cut 
areas with species better adapted to the altered, and more 
rapidly changing, climate, and to move to locations where 
resources are more plentiful. The industry has a history 
of adapting its products manufacturing, timber harvesting, 
and forest management to reflect available timber species 
and wood quality and changing environmental and other 
conditions (Environment Canada 1997b, p. 19—20). How- 
ever, there are major gaps that could limit the potential 


of the forest sector to adapt to climate change.’ 


Emerging Issues 


Climate change issues will be addressed for decades, 
and perhaps centuries, to come. Although meeting the 
Kyoto Protocol obligations will have a marked impact on 
all sectors of Canada’s economy and the lives of all Cana- 
dians, the next round of negotiations are expected to address 
further emission reductions and to include emission reduc- 
tion or limitation commitments from the developing coun- 
tries. These negotiations will require enhanced scientific 
and social information on options and their implications. 


Issues that will likely affect the forest sector include: 


¢ the socioeconomic consequences stemming from cli- 
mate change; 


* the effects of mitigative and adaptive measures on medi- 
um and long-term wood supplies, for example, forest 
management for carbon uptake and increased loss of 
timber stocks to fire and insect (including introduced 
species) infestations; 


¢ the long-term impact of climate change on disturbance 
regimes and hence on carbon reservoirs, sources, and 
sinks; 

¢ the need for advanced scientific knowledge about the 
forests and the carbon cycle for negotiations over the 
meaning and application of the land use change and for- 
estry provisions of the Kyoto Protocol and subsequent 
agreements; 


* the effect of current forest management strategies and 
practices, including harvesting and silvicultural systems 
and forest protection policies, on the role of forests in 
climate change, that is, albedo of forest surfaces, dis- 
turbance regimes, and forest biodiversity, resilience, 
and productivity; 


market demands, stimulated by the Kyoto Protocol and 
subsequent agreements, for low energy products, which 
may favor forest products produced from sustainable 
wood fiber sources; 


the increased potential for and value of forests as sources 
of biomass fuels; 


the potential for change in the value and use of forests 
as carbon sinks, in terms of tradable carbon credits that 
could be applied by countries to meet targets under the 
Kyoto Protocol and subsequent agreements; and 


* an integrated approach to addressing the three elements 
of the global environmental change issue: atmospheric 
environmental change, land cover change, and climate 
change. 


Notes 


1. Tom Shillington in Understanding Our Planet: An 
Overview of Global Change Research in Canada defines 
global environmental change as “...the consequences 
of natural processes and human activities that affect 
the global environment directly and cumulatively.” 
Some agents of global change, such as urbanization, 
deforestation, and loss of wetlands, can occur within 
weeks or months. Others, such as those contributing 
to changes in climate, are measurable only over a span 
of decades or centuries. (See Shillington 1996, p.6.) 


2. For examples of how air issues and climate change 
are interrelated and need an integrated approach, see 
Mayer and Avis (1998). 


3. Atmospheric change in the broadest sense encom- 
passes the gaseous and particulate composition of the 
atmosphere. Increasing concentrations of greenhouse 
gases, especially carbon dioxide (CO,), in the atmos- 
phere is the main atmospheric change issue associated 
with climate change. Several international conven- 
tions and associated protocols deal with atmospheric 
change issues. 


4. “Billion” is a thousand million. 


5. Whether Canada’s forests are net sinks or sources of 
carbon depends on the time scale. Measured in eons, 
the tendency is towards net carbon sequestration. 
Over a 100 000 years, there is a balance between car- 
bon release and sequestration; and, over 1000 years, 
the direction of the balance varies with the 1000-year 
segment chosen. 


6. Members of the International Geosphere-Biosphere 
Programme (IGBP) Terrestrial Carbon Working Group 
advocate that the Protocol should adopt a full carbon 
budget over a long time period to take better advan- 
tage of the potential of the terrestrial systems to take 
up and store atmospheric carbon. See IGBP (1998). 


7. The IPCC Workshop on Adaptation to Climate Vari- 
ability and Change identified major gaps that could 
limit the potential of the forest sector to adapt to cli- 
mate change (Maclver 1998b). 
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